Introduction
============

The prevalence of diabetes mellitus (DM) continues to increase worldwide.[@b1-ppa-9-281] In People's Republic of China, it has increased from 2.5% in 1994[@b2-ppa-9-281] to 9.7% in 2010[@b3-ppa-9-281] and 11.6% in 2013.[@b4-ppa-9-281] At present, there are more than 100 million patients with DM in People's Republic of China.[@b5-ppa-9-281] According to the Guideline for the Prevention and Treatment of Type 2 Diabetes Mellitus in China (2013), type 2 DM accounts for more than 90% of the DM cases, while type 1 DM accounts for approximately 5%.[@b6-ppa-9-281] In addition, the proportion of patients diagnosed with prediabetes is as high as 15.5%,[@b3-ppa-9-281] and many patients continue to be undiagnosed. Available epidemiological studies indicate that the proportion of Chinese DM patients achieving glucose control is less than 30%,[@b3-ppa-9-281] suggesting that there is a lack of effective glucose-lowering therapies. Thus, it is imperative to develop an effective glucose-lowering protocol for Chinese patients.

The characteristics of DM in Asians are different from those in other areas of the world.[@b7-ppa-9-281]--[@b9-ppa-9-281] For example, Chinese DM patients experience β cell dysfunction[@b10-ppa-9-281] and are more susceptible to increased postprandial plasma glucose[@b11-ppa-9-281] in the early stages of DM. In addition, as compared to people in Western countries, the body weight of Asians is lower, and Chinese patients also exercise less. Furthermore, carbohydrates are a major component of each meal in People's Republic of China. These differences may affect the efficacy of glucose-lowering therapy.

To date, the pathogenesis of DM has not been completely elucidated. In addition to the defective secretion of insulin by β cells, insulin resistance, increased hepatic glucose output, and reduced glucose use in peripheral tissues, other factors, such as increased secretion of glucagon by α cells[@b12-ppa-9-281],[@b13-ppa-9-281] and insufficiency and/or compromised function of the incretin hormone, especially including glucagon-like peptide-1 (GLP-1),[@b14-ppa-9-281] are also involved in the pathogenesis of DM.

In 1964, Elrick et al[@b15-ppa-9-281] found that oral glucose is more potent to promote the secretion of insulin as compared with intravenous glucose; this effect is known as the incretin effect. Incretins include GLP-1 and glucose-dependent insulin-releasing peptide; GLP-1 is more important for DM. GLP-1 has multiple activities in different organs/systems. It not only may promote the synthesis and secretion of insulin by β cells but also stimulates β cell proliferation and inhibits its apoptosis.[@b16-ppa-9-281]--[@b19-ppa-9-281] In α cells, GLP-1 inhibits the release of glucagon.[@b20-ppa-9-281] Furthermore, in the gastrointestinal tract, GLP-1 may delay gastric emptying, inhibit gastrointestinal peristalsis, and suppress appetite.[@b21-ppa-9-281] These features of GLP-1 may influence the characteristics of Chinese DM patients.

Several minutes after food intake, GLP-1 is detected in the plasma. However, natural GLP-1 has a half-life of 1--2 minutes, and is rapidly degraded by dipeptidyl peptidase-4 (DPP-4). At present, there are two methods to increase plasma GLP-1: (i) direct injection of GLP-1 analogs (eg, liraglutide and exenatide) and (ii) oral intake of a DPP-4 inhibitor, including sitagliptin, vildagliptin, saxagliptin, and linagliptin. As a kind of DPP-4 inhibitor, sitagliptin has a longer half-life than other DPP-4 inhibitors.

Pharmacokinetics of sitagliptin and metformin
=============================================

Sitagliptin, the first DPP-4 inhibitor used for DM, was approved by the US Food and Drug Administration in 2006 for the treatment of DM and by the State Food and Drug Administration of China in 2010. A single dose of oral sitagliptin may inhibit DPP-4 activity for 24 hours, increasing GLP-1 levels by two- to threefold, which results in increased insulin release, glucagon reduction, and decreased glucose levels. In addition, in a manner similar to that of glucosidase inhibitors, sitagliptin can delay intestinal absorption of carbohydrates, which helps to control postprandial plasma glucose and prevents hypoglycemia before the next meal. Moreover, several trials have confirmed that sitagliptin is protective for the heart[@b22-ppa-9-281]--[@b24-ppa-9-281] and nervous system.[@b25-ppa-9-281]

The pharmacokinetics of sitagliptin is comparable between healthy subjects and type 2 DM patients. The intraindividual and interindividual coefficients of variation in plasma sitagliptin concentration over time are small (5.8% and 15.1%, respectively). In healthy subjects, oral intake of 100 mg of sitagliptin results in its rapid absorption; the plasma concentration (*T*~max~) of sitagliptin peaked within 1--4 hours, and its half-life was 12.4 hours. The absolute bioavailability of sitagliptin is approximately 87%. Because a high-fat diet does not influence the pharmacokinetics of sitagliptin, it can be taken with or without food. Sitagliptin is primarily cleared by the kidney (\~87%) via active secretion in the renal tubules and excreted through the urine in its original form;[@b26-ppa-9-281] the renal clearance of sitagliptin is approximately 350 mL/min. The remaining sitagliptin is excreted in the stool (13%) within 1 week following oral intake.[@b26-ppa-9-281]

The mechanism by which metformin lowers plasma glucose levels includes the promotion of glucose use by peripheral cells (eg, muscle cells), inhibition of hepatic gluconeogenesis, and suppression of hepatic glucose output. Metformin is primarily absorbed in the small intestine. Under fasting conditions, the absolute bioavailability of metformin is 50%--60% following oral intake of 0.5 g, and concomitant food intake may reduce the rate and extent of its absorption. The peak (*T*~max~) of metformin is achieved after 2 hours, and the mean half-life is approximately 4 hours. Metformin may not bind plasma proteins. Stable (*T*~max~) may be achieved within 24--48 hours after oral intake of metformin at routine doses and with a traditional protocol. Metformin is primarily excreted through the kidney (\~90%) within 24 hours after oral intake.[@b27-ppa-9-281]

The feasibility of the combined use of a DPP-4 inhibitor with metformin has been described.[@b28-ppa-9-281] The pharmacokinetic interaction between sitagliptin and metformin and tolerance of the combined therapy were investigated when stable plasma sitagliptin and metformin concentrations were achieved 7 days after intake.[@b29-ppa-9-281] Subjects had good tolerance to the combined therapy, suggesting the absence of pharmacokinetic interaction (steady-state pharmacokinetics). Similarly, in type 2 DM patients, sitagliptin and metformin combination therapy had no influence on the pharmacokinetics of sitagliptin.[@b26-ppa-9-281]

The efficacy of sitagliptin--metformin combination therapy in Chinese patients
==============================================================================

In People's Republic of China, several studies have been conducted to investigate the efficacy of sitagliptin and metformin combined therapy in type 2 DM patients ([Table 1](#t1-ppa-9-281){ref-type="table"}). In 30 type 2 DM patients with poor glucose control following treatment with metformin alone, combined therapy of sitagliptin and metformin for 12 weeks significantly reduced glycated hemoglobin, fasting plasma glucose, and postprandial glucose; however, the body mass index (BMI) of the patients remained unchanged.[@b30-ppa-9-281] Two patients complained of six hypoglycemic events; other adverse events included nausea (n=3), vomiting (n=1), abdominal pain (n=1), fatigue (n=2), and dizziness (n=1). The side effects were mild and resolved spontaneously, and none of the patients withdrew from the study.[@b30-ppa-9-281] In another study, 76 patients with type 2 DM were randomly divided into the following two treatment groups: sitagliptin plus metformin and pioglitazone plus metformin.[@b28-ppa-9-281] After 12 weeks, glycated hemoglobin, fasting plasma glucose, and postprandial plasma glucose levels were significantly reduced in both groups; however, a greater reduction in glycated hemoglobin, fasting plasma glucose, and postprandial plasma glucose was observed in the sitagliptin group.[@b31-ppa-9-281] Three patients reported a slight increase in alanine aminotransferase, four had diarrhea, and three developed hypoglycemia.[@b31-ppa-9-281] In another study[@b32-ppa-9-281] of 80 type 2 DM patients with poor plasma glucose control following metformin therapy alone, treatment with metformin plus sitagliptin significantly reduced glycated hemoglobin, fasting plasma glucose, plasma lipid, and body weight. Furthermore, in a study[@b33-ppa-9-281] that included 116 patients with overweight and type 2 DM, who had poor glucose control after metformin monotherapy, combination therapy with metformin and sitagliptin or glimepiride for 24 weeks dramatically reduced glycated hemoglobin, fasting plasma glucose, and postprandial plasma glucose levels. Moreover, body weight was reduced in the sitagliptin group but was increased in the glimepiride group, and the incidence of hypoglycemia was lower in the sitagliptin group as compared with the glimepiride group. With the exception of hypoglycemia, no other side effects were reported. In 66 type 2 DM patients with poor glucose control following metformin monotherapy, additional sitagliptin therapy for 12 weeks decreased body weight, BMI, and glycated hemoglobin levels although not to significant levels (*P*\>0.05).[@b34-ppa-9-281] In addition, fasting plasma glucose and postprandial plasma glucose were markedly reduced, and four patients reported hypoglycemia after exercise, which was resolved after food intake.[@b34-ppa-9-281] In another study that included 60 patients with newly onset type 2 DM who were randomly assigned to receive either metformin alone or metformin plus sitagliptin, combined therapy for 12 weeks significantly reduced fasting plasma glucose, postprandial plasma glucose, glycated hemoglobin, and BMI compared with metformin monotherapy.[@b35-ppa-9-281] Two patients in the combined therapy group developed diarrhea, and headache (n=1) and nausea (n=2) were observed in the metformin monotherapy group. In 70 type 2 DM patients randomly assigned to receive either metformin plus sitagliptin or metformin plus pioglitazone for 12 weeks, fasting and postprandial plasma glucose and glycated hemoglobin were significantly reduced.[@b36-ppa-9-281] The reduction in postprandial plasma glucose was more evident in the sitagliptin group than in the pioglitazone group. In the sitagliptin group, two patients developed a slight increase in alanine aminotransferase, three patients had diarrhea, and two developed hypoglycemia.[@b36-ppa-9-281] In the pioglitazone group, three patients developed a slight increase in alanine aminotransferase, two had diarrhea, and three developed hypoglycemia. In a study of 80 patients with newly onset type 2 DM, patients were randomly assigned to two treatment groups: metformin monotherapy and metformin plus sitagliptin combination therapy.[@b37-ppa-9-281] After 12 weeks, those receiving the combined therapy had marked reductions in fasting and postprandial plasma glucose, glycated hemoglobin, and BMI compared with patients receiving metformin monotherapy. In the combined therapy group, three patients had diarrhea, two patients developed constipation, and nausea and vomiting were found in two patients. In the monotherapy group, nausea and vomiting were observed in five patients.[@b37-ppa-9-281] In a study of 82 patients with new-onset type 2 DM randomly assigned to receive either metformin monotherapy or metformin plus sitagliptin combination therapy, BMI, glycated hemoglobin, and fasting and postprandial plasma glucose levels in patients receiving the combination therapy were significantly lower than those in the monotherapy group after 6 months.[@b38-ppa-9-281]

Taken together, combined therapy with sitagliptin and metformin effectively controls plasma glucose in type 2 DM patients as characterized by significant reductions in fasting and postprandial plasma glucose levels. With the exception of one study,[@b34-ppa-9-281] glycated hemoglobin was also dramatically reduced followed the combined therapy. Thus, the glucose-lowering effect of the combined therapy was superior to that of monotherapy with metformin or sitagliptin. Of note, changes in body weight following therapy varied among the studies with some studies suggesting that sitagliptin may promote metformin-induced weight loss, while other studies observed no effect on body weight. These varying effects on body weight are consistent with those reported in other countries.[@b39-ppa-9-281]--[@b43-ppa-9-281] However, body weight gain was observed in lean subjects in a Japanese study.[@b44-ppa-9-281] Following the combined therapy, common side effects included gastrointestinal reactions, hypoglycemia, and a slight increase in transaminase levels, which were usually mild and well tolerated by the patients. Of note, no study reported pancreatitis in patients receiving the combined therapy. Considering the relationship between sitagliptin and pancreatitis,[@b45-ppa-9-281]--[@b48-ppa-9-281] although there is still controversy on this issue,[@b48-ppa-9-281]--[@b51-ppa-9-281] it is necessary to investigate pancreatitis in type 2 DM patients treated with sitagliptin in further studies.

This review had some limitations. The ages of patients participating in these trials differed, and the course of the disease was also different. The sample sizes of the trials included in the review were different, and the objects and randomization of the trials were different. For example, the aims of the trials were to compare the efficacy of sitagliptin and metformin, sitagliptin and pioglitazone, or sitagliptin and glimepiride. Besides, combination of two drugs was taken in some trials in contrast to single-drug therapy. Moreover, there were differences in study design and methodology, which may influence clinical heterogeneity and cause bias in results affecting the conclusions.

Patient satisfaction/acceptability, adherence, and uptake
=========================================================

In addition to diet control and exercise, type 2 DM is also managed with oral glucose-lowering drugs, subcutaneous injection of insulin, and subcutaneous injection of GLP-1 analogs. Oral glucose-lowering drugs, including biguanides, sulfonylureas, glycosidase inhibitors, thiazolidinediones, and non-sulfonylureas, promote insulin secretion and/or inhibit DPP-4. Metformin is the most common biguanide used in clinical practice. Although phenformin is still applied in the therapy of DM in several developing areas, physicians should emphasize that it may cause lactic acidosis.[@b52-ppa-9-281] Sulfonylureas used for the therapy of DM include glimepiride, gliclazide, gliquidone, and glipizide. In addition, glibenclamide, a sulfonylurea with a long half-life,[@b53-ppa-9-281] may be used, although it is known to cause severe hypoglycemia. Glucosidase inhibitors include acarbose, voglibose, and miglitol, and thiazolidinediones include rosiglitazone and pioglitazone. Non-sulfonylureas that promote insulin secretion include repaglinide, nateglinide, and mitiglinide. Furthermore, DPP-4 inhibitors include sitagliptin, saxagliptin, vildagliptin, linagliptin, and alogliptin. In addition to human insulin, there are some insulin analogs used for DM, including glargine,[@b54-ppa-9-281] detemir,[@b55-ppa-9-281] aspart,[@b56-ppa-9-281] lispro,[@b57-ppa-9-281] and degludec.[@b58-ppa-9-281] Generally, premixed insulin is administered subcutaneously twice daily before breakfast and supper or thrice daily before each meal.[@b59-ppa-9-281] Usually, treatment of premixed insulin includes one injection of intermediate-to-long-acting insulin and three injections of short-acting insulin before meals. GLP-1 analogs include exenatide[@b60-ppa-9-281] and liraglutide,[@b61-ppa-9-281] and are usually administered subcutaneously once or twice daily. In addition, insulin, oral glucose-lowering drugs, and GLP-1 analogs can be combined to identify an optimal treatment protocol for each patient.

Sitagliptin is currently used in the therapy of type 2 DM in People's Republic of China. Although it is more widely used in clinical practice compared with other DPP-4 inhibitors, its use is not widespread. In some large cities, sitagliptin is frequently prescribed in comprehensive hospitals. In addition, oral administration of sitagliptin is more convenient compared with subcutaneous injection of GLP-1 analogs. Thus, sitagliptin is the preferred incretin therapeutic. However, in small cities or small hospital or clinics, sitagliptin is less frequently used, and may not be available in some pharmacies. Moreover, many patients have little knowledge of sitagliptin.

For type 2 DM patients, sitagliptin (100 mg) is administered orally once daily. Patients are usually satisfied with its therapeutic efficacy, and few side effects are observed; thus, patients often have good compliance and tolerance to sitagliptin. For patients with good glucose control, 50 mg of oral sitagliptin may be administered once daily. In addition, for patients with kidney dysfunction, creatinine clearance should be calculated, and the dose be adjusted according to creatinine clearance. There are no studies at present regarding sitagliptin use by pregnant or breast-feeding patients and those younger than 18 years.

Metformin is a glucose-lowering drug that has been used for more than 50 years and is widely used in the therapy of type 2 DM patients in People's Republic of China. It is the first treatment of choice for type 2 DM when contradictions are not indicated. Metformin is often available in general hospitals and pharmacies and is also inexpensive. The total daily dose of metformin is 1,500--2,500 mg, which is administered several times throughout the day. Generally, 500 mg metformin is administered thrice daily. In addition, the dose of metformin should be adjusted according to plasma glucose levels and body weight. The side effects associated with metformin treatment are often present in the gastrointestinal system, and some patients can tolerate them well enough to continue metformin therapy. However, a fraction of patients cannot tolerate these side effects, and other therapeutic protocols are used in these cases.

DM is a great threat to human health and represents a huge burden to both developed and developing countries.[@b62-ppa-9-281] To develop individualized therapeutic protocols according to the characteristics of DM in a specific country will be of great benefit in the treatment of DM. In cases in which metformin monotherapy fails to adequately control plasma glucose, the combined use of sitagliptin is recommended as it may exert synergistic effects to improve insulin sensitivity and β cell function and reduce glucose without affecting individual pharmacokinetics. The multiple effects of sitagliptin are applicable for the treatment of DM in Chinese patients, especially given that combination therapy was associated with mild side effects, which were well tolerated by the patients. In addition, this combination therapy is convenient to administer and cost-effective. Moreover, sitagliptin can be used in combination with other drugs, such as sulfonylurea,[@b63-ppa-9-281] non-sulfonylureas that promote insulin secretion, glucosidase inhibitors,[@b64-ppa-9-281] and insulin,[@b65-ppa-9-281] as well as metformin.

Conclusion
==========

Sitagliptin has been used for the management of type 2 DM in People's Republic of China for more than 3 years. Clinical studies suggest that sitagliptin in combination with metformin is superior to metformin monotherapy in controlling plasma glucose levels. In addition, this combination therapy is safe, convenient to administer, cost-effective, and well tolerated; therefore, patients are often compliant. Thus, it is a preferred strategy for the treatment of type 2 DM, and it is recommended to add sitagliptin after metformin. A correlation between sitagliptin and reduced body weight and the incidence of pancreatitis has been noted in a few studies, which should be confirmed in additional clinical studies. Moreover, more randomized, controlled studies with larger sample sizes are required to confirm the efficacy of this treatment strategy for type 2 DM.
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Characteristics of the included trials

  Study                           HbA~1c~ (%)   Fasting plasma glucose (mmol/L)   Postprandial glucose (mmol/L)   Insulin (mU/L)   BMI (kg/m^2^)   Cholesterol (mmol/L)   Triglycerides (mmol/L)   Weight (kg)   
  ------------------------------- ------------- --------------------------------- ------------------------------- ---------------- --------------- ---------------------- ------------------------ ------------- --
  Wu et al[@b30-ppa-9-281]        Baseline      7.82±0.84                         9.52±2.23                       13.25±4.43       10.2±2.1        24.82±2.26             4.71±2.02                2.95±1.52     
  Week 12                         7.11±0.92     8.23±2.42                         10.35±3.71                      13.2±3.4         24.65±2.48      4.22±1.87              2.28±1.09                              
  Fan[@b31-ppa-9-281]             Baseline      9.2±2.4                           9.4±2.4                         13.6±4.5                                                                                       
  Week 12                         6.2±2.1       6.4±1.8                           8.1±2.7                                                                                                                        
  Liang and Zou[@b32-ppa-9-281]   Baseline      8.5±0.8                           9.1±0.9                                          5.1±1.3         1.6±0.5                70.2±8.8                               
  Week 12                         7.8±1.0       8.0±0.8                                                           4.6±0.7          1.3±0.3         69.3±8.7                                                      
  Li et al[@b33-ppa-9-281]        Baseline      8.8±0.7                           8.9±0.6                         13.3±2.9                                                                                       
  Week 24                         6.4±0.7       6.3±0.7                           8.0±1.3                                                                                                                        
  Sun et al[@b34-ppa-9-281]       Baseline      8.9±1.5                           8.4±1.3                         13.1±4.7         27.6±6.8        27.6±1.8                                        73.4±6.3      
  Week 12                         8.2±1.8       6.1±0.9                           8.4±2.8                         16.2±5.2         27.2±1.2                               72.1±7.1                               
  Jiao et al[@b35-ppa-9-281]      Baseline      8.0±1.5                           9.0±1.6                         14.2±2.3         10.2±2.1        24.9±2.1                                                      
  Week 12                         6.1±1.2       5.6±1.5                           8.2±1.3                         13.2±3.1         20.7±1.5                                                                      
  Qu et al[@b36-ppa-9-281]        Baseline      9.1±2.2                           9.3±2.2                         13.3±4.4                                                                                       
  Week 12                         6.4±2.0       6.3±1.7                           8.2±2.7                                                                                                                        
  Huang[@b37-ppa-9-281]           Baseline      8.7±1.1                           9.8±1.4                         14.5±1.6                         25.7±1.5                                                      
  Week 12                         6.5±1.0       5.6±1.6                           8.7±1.6                                          20.2±2.51                                                                     
  Duan et al[@b38-ppa-9-281]      Baseline      10.3±1.2                          11.9±1.33                       17.01±1.91       12.95±0.90      28.9±1.4                                                      
  Month 6                         8.1±1.2       8.17±1.22                         10.16±1.68                      9.22±1.93        27.4±1.2                                                                      

**Abbreviations:** BMI, body mass index; HBA~1c~, glycated hemoglobin.
